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RESOURCE USE MANAGEMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to commonly assigned 
and co-pending US. patent application Ser. No. (At 
torney Docket No. l8642-US) entitled “A Method for Pro 
viding anApplication to Plants”; US. patent application Ser. 
No. (Attorney Docket No. 18643 -US) entitled “Hor 
ticultural Knowledge Base for Managing Yards and Gar 
dens”; US patent application Ser. No. (Attorney 
Docket No. l864l-US) entitled “System and Method for 
Managing Resource Use”; US. patent application Ser. No. 

(Attorney Docket No. l84l9-US) entitled “Robotic 
Watering Unit” all of which are hereby incorporated by ref 
erence. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to an irriga 
tion control system and, more particularly, to a system and 
method for managing resource use in yards and gardens. 

BACKGROUND OF THE INVENTION 

[0003] Horticulture is the industry and science of plant 
cultivation. Horticulturists work and conduct research in the 
disciplines of plant propagation and cultivation, crop produc 
tion, plant breeding and genetic engineering, plant biochem 
istry, and plant physiology. The work particularly involves 
fruits, berries, nuts, vegetables, ?owers, trees, shrubs, and 
turf. Horticulturists work to improve crop yield, quality, 
nutritional value, and resistance to insects, diseases, and envi 
ronmental stresses. 
[0004] One aspect of horticultural management is irriga 
tion. Irrigation is typically used to water large, homogeneous 
areas such as ?elds, lawns, and gardens. The water is assumed 
to be available from a single source, such as a well, canal, or 
municipal water system. Water from municipal water systems 
are often stressed during times of heat and drought, and 
watering restrictions are frequently implemented to provide 
adequate water for higher priority uses. These restrictions 
may start as odd-even day lawn watering and progress to 
complete bans on lawn watering, and ?nally to complete bans 
on garden watering. 
[0005] The ?elds and lawns typically have a single species 
of plant and water application is based on water sensors, 
evapotranspiration models, or rules. This type of irrigation 
system can be inadequate for yards and gardens where numer 
ous species are growing in close proximity, particularly large 
water users like trees and shrubs in proximity to lesser water 
users. Trees, shrubs, and structures also provide shade, which 
impacts evapotranspiration, which is the sum of evaporation 
and plant transpiration. 

SUMMARY 

[0006] An embodiment of the present invention provides a 
computer program product comprising a computer record 
able media having computer usable program code. Resource 
needs are determined for each plant in a plurality of plants to 
form individual resource needs. Conditions are identi?ed in 
an environment in which the plurality of plants are located by 
receiving input from a sensor system to form current condi 
tions. A plurality of per plant prescriptions are calculated for 
the plurality of plants using the individual resource needs and 
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the current conditions. The application of the resource is 
controlled from a mobile utility vehicle to each plant in the 
plurality of plants using the plurality of per plant prescrip 
tions. 
[0007] The features, functions, and advantages can be 
achieved independently in various embodiments of the 
present invention or may be combined in yet other embodi 
ments in which further details can be seen with reference to 
the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The novel features believed characteristic of the 
illustrative embodiments are set forth in the appended claims. 
The illustrative embodiments, however, as well as a preferred 
mode of use, further objectives and advantages thereof, will 
best be understood by reference to the following detailed 
description of an illustrative embodiment of the present 
invention when read in conjunction with the accompanying 
drawings, wherein: 
[0009] FIG. 1 is a block diagram ofa resource use manage 
ment system in which an illustrative embodiment may be 
implemented; 
[0010] FIG. 2 is a block diagram of water use in accordance 
with an illustrative embodiment; 
[0011] FIG. 3 is a block diagram ofa data processing sys 
tem in accordance with an illustrative embodiment; 
[0012] FIG. 4 is a block diagram of a mobile utility vehicle 
in accordance with an illustrative embodiment; 
[0013] FIG. 5 is a block diagram of a water source in 
accordance with an illustrative embodiment; 
[0014] FIG. 6 is a block diagram ofa plurality ofdatabases 
in accordance with an illustrative embodiment; 
[0015] FIG. 7 is a block diagram of a horticultural knowl 
edge base in accordance with an illustrative embodiment; 
[0016] FIG. 8 is a block diagram of a per plant prescription 
in accordance with an illustrative embodiment; 
[0017] FIG. 9 is a block diagram of a sensor system in 
accordance with an illustrative embodiment; 
[0018] FIG. 10 is a ?owchart illustrating a process for man 
aging water use in accordance with an illustrative embodi 

ment; 
[0019] FIG. 11 is a ?owchart illustrating a process for deter 
mining water needs in accordance with an illustrative 

embodiment; 
[0020] FIG. 12 is a ?owchart illustrating a process for iden 
tifying current conditions in accordance with an illustrative 

embodiment; 
[0021] FIG. 13 is a ?owchart illustrating a process for 
watering a plurality of plants in accordance with an illustra 
tive embodiment; 
[0022] FIG. 14 is a ?owchart illustrating a process for 
selecting a water source in accordance with an illustrative 

embodiment; 
[0023] FIG. 15 is a ?owchart illustrating a process for 
obtaining water at a water source in accordance with an 

illustrative embodiment; and 
[0024] FIG. 16 is a ?owchart illustrating a process for 
releasing water from a water source in accordance with an 
illustrative embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] FIG. 1 is a block diagram ofa resource use manage 
ment system in which an illustrative embodiment may be 



US 2010/0268391A1 

implemented. Resource use management system 100 may be 
implemented in a network of computers in Which the illustra 
tive embodiments may be implemented. Resource use man 
agement system 100 contains netWork 102, Which is the 
medium used to provide communications links betWeen vari 
ous devices and computers connected together Within 
resource use management system 100, such as mobile utility 
vehicle 104 and remote location 106. Network 102 may 
include connections, such as Wire, Wireless communication 
links, or ?ber optic cables. 
[0026] In the depicted example, mobile utility vehicle 104 
connects to netWork 102 in a Wireless con?guration While 
remote location 106 has a hard connection to netWork 102. In 
another illustrative embodiment, both mobile utility vehicle 
104 and remote location 106 may connect to netWork 102 in 
a Wireless con?guration. Remote location 106 may be, for 
example, personal computers or netWork computers. In one 
illustrative example, remote location 104 provides data, such 
as boot ?les, operating system images, and applications, to 
mobile utility vehicle 104. Resource use management system 
100 may also include plurality of databases 134 and planning 
process 136. Plurality of database 134 may be located at 
remote location 106, in mobile utility vehicle 104, or distrib 
uted across both a remote location and a mobile utility 
vehicle. Mobile utility vehicle 104 is a client to remote loca 
tion 106 in this example. Resource use management system 
100 may include additional servers, clients, and other devices 
not shoWn. 

[0027] Resource use management system 100 may be used 
to manage a number of different resources. As used herein, 
resource refers to, for example, Without limitation, Water, 
fertiliZer, herbicide, insecticide, fungicide, plant food, nutri 
ents, and/or any other suitable resource for horticultural man 
agement. Although the illustrative examples provided herein 
depict management of Water, any resource may be managed 
using the different illustrative embodiments. 
[0028] Resource use management system 100 includes 
Water sources 108, plurality of plants 110, and sensor system 
112. In this illustrative example, Water is the resource man 
aged by resource use management system 100. Water sources 
108 is an illustrative example of different sources of Water 
that mobile utility vehicle 104 can draW upon in providing 
Water to plurality of plants 110 according to each plant’s need 
as detected by sensor system 112. Providing Water to plurality 
of plants 110 is an example of a horticultural task executed by 
mobile utility vehicle 104. Water sources 108 includes rain 
barrel 1 14, grey Water reservoir 1 16, solar poWered condenser 
118, Well 120, municipal Water 122, and canal 124. Rain 
barrel 114 is a device for collecting and maintaining har 
vested rain. In an illustrative example, rain barrel 114 may be 
a Water tank Which is used to collect and store rain Water 
runoff, typically from rooftops via rain gutters. In another 
illustrative example, rain barrel 114 may be an in-ground 
rainWater tank used for retention of storm Water. 

[0029] Grey Water reservoir 116 is a device for collecting 
non-industrial Waste Water generated from domestic pro 
cesses such as dish Washing, laundry and bathing. Grey Water 
may comprise Waste Water generated from all types of resi 
dential sanitation equipment except for the toilets. Solar poW 
ered condenser 118 condenses Water vapor into liquid Water 
using the sunlight Which is converted to electricity. In these 
examples, Well 120 is an excavation or structure created in the 
ground to access Water in underground aquifers. In an illus 
trative embodiment, Well 120 may include an electric sub 
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mersible pump or a mechanical pump used to draW Water up 
to the surface. In another illustrative example, Water from 
Well 120 may be draWn up using containers, such as buckets, 
Which are raised mechanically. In one illustrative embodi 
ment, Well 120 may include a storage tank With a pressure 
system. In another illustrative embodiment, Well 120 may 
include a cistern along With a small second pump. 

[0030] Municipal Water 122 is Water supplied by the Water 
supply netWork of a local community, county, and/or munici 
pality. Canal 124 is a Water supply channel, or conduit, that is 
constructed to convey Water from one location to another. In 
an illustrative embodiment, canal 124 may comprise a system 
of pipes, ditches, canals, tunnels, and other structures used for 
the conveyance of Water. 
[0031] Plurality of plants 110 includes individual plants 
126, 128, and 130. Individual plants 126, 128, and 130 may be 
homogenous or heterogeneous plant varieties and/or species. 
In an illustrative embodiment, individual plants 126, 128, and 
130 are located in area 132. Area 132 is any location in Which 
a plurality of plants 110 may be located. Area 132 may be, for 
example, a ?oWerbed, garden, yard, laWn, landscape, park, 
?eld, green, golf course, fairWay, rough, orchard, vineyard, or 
any other area of recreational or amenity land planted With 
grass and/or other plants. Area 132 may be contiguous or 
non-contiguous. In one illustrative embodiment, individual 
plants 126, 128, and 130 may be located in the same portion 
of area 132. In another illustrative embodiment, individual 
plants 126, 128, and 130 may be located in separate portions 
of area 132. In yet another illustrative embodiment, indi 
vidual plants 126, 128, and 130 may be grouped together in 
homogenous groupings, or may be grouped together in het 
erogeneous groupings. Individual plants 126, 128, and 130 
may be grouped together in a dense arrangement, or may be 
spaced apart in any number of arrangements and distances. 
[0032] Individual plants 126, 128, and 130 are used as an 
illustrative example of a number of plants that may be present 
in area 132. Area 132 may contain a number of heterogenous 
plants and/ or a number of homogeneous plants. As used 
herein, each plant may refer to one or more plants Within a 
category of plants, and/or one or more plants Within a com 
mon area of location. For example, in an illustrative embodi 
ment, if area 132 is a golf course, individual plant 126 may 
represent a number of types of plants and/or vegetation on the 
areas of the golf course referred to as the green, While indi 
vidual plant 128 may represent a number of types of plants 
and/or vegetation on the areas of the golf course referred to as 
the rough. 
[0033] Sensor system 112 may be a set of sensors used to 
collect information about the environment around mobile 
utility vehicle 104 as Well as the condition of individual plants 
126, 128, and 130, and the condition of area 132 containing 
individual plants 126, 128, and 130. In these examples, a set 
refers to one or more items. A set of sensors is one or more 

sensors in these examples. Sensor system 112 may be distrib 
uted across mobile utility vehicle 104 and the area containing 
plurality of plants 110. 
[0034] The illustration of resource use management system 
100 in FIG. 1 is intended as an example, and not as an 
architectural limitation to the manner in Which the different 
illustrative embodiments may be implemented. Other com 
ponents may be used in addition to or in place of the ones 
illustrated for resource use management system 100 in other 
illustrative embodiments. For example, in some illustrative 
embodiments a set of mobile utility vehicles may be used in 
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addition to mobile utility vehicle 104. In another illustrative 
example, Water sources 108 may contain additional resources 
such as, for example, Without limitation, fertilizer, herbicide, 
insecticide, fungicide, plant food, nutrients, and other sub 
stances used in plant care and maintenance. As used herein, 
Water refers to Water and/or other resources that may be 
applied to plants, such as individual plants 126, 128, and 130. 
Other resources may be, for example, Without limitation, 
fertiliZer, herbicide, insecticide, fungicide, plant food, nutri 
ents, and the like. 
[0035] In yet another illustrative embodiment, resource use 
management system 100 may represent a system for address 
ing horticultural tasks other than Water management. A hor 
ticultural task may include, Without limitation, Watering, 
pruning, cultivating, and Winterizing a number of plants. As 
used herein, a number refers to one or more plants. 

[0036] With reference noW to FIG. 2, a block diagram of 
Water use is depicted in accordance With an illustrative 
embodiment. Water use 200 is an example of mobile utility 
vehicle 104 in FIG. 1 obtaining Water from Water sources 108 
and applying the Water to plurality of plants 110 using infor 
mation collected by sensor system 112 in FIG. 1. In this 
illustrative example, Water is the resource being obtained and 
applied by a mobile utility vehicle. 
[0037] Individual plant 202 is an example of individual 
plants 126, 128, and 130 in FIG. 1. Sensor 204 is a soil 
moisture sensor located Within the same portion of the area in 
Which individual plant 202 is located. Sensor 204 measures 
the Water content in soil around individual plant 202. Actual 
Water applied 206 is Water applied by mobile utility vehicle 
104 in FIG. 1. 
[0038] With reference noW to FIG. 3, a block diagram of a 
data processing system is depicted in Which illustrative 
embodiments may be implemented. Data processing system 
300 is an example of a computer, such as remote location 106 
or mobile utility vehicle 104 in FIG. 1, in Which computer 
usable program code or instructions implementing the pro 
ces ses may be located for the illustrative embodiments. In this 
illustrative example, data processing system 300 includes 
communications fabric 302, Which provides communications 
betWeen processor unit 304, memory 306, persistent storage 
308, communications unit 310, input/output (I/O) unit 312, 
and display 314. 
[0039] Processor unit 304 serves to execute instructions for 
softWare that may be loaded into memory 306. Processor unit 
304 may be a set of one or more processors or may be a 

multi-processor core, depending on the particular implemen 
tation. Further, processor unit 304 may be implemented using 
one or more heterogeneous processor systems in Which a 
main processor is present With secondary processors on a 
single chip. As another illustrative example, processor unit 
304 may be a symmetric multi-processor system containing 
multiple processors of the same type. 
[0040] Memory 306, in these examples, may be, for 
example, a random access memory or any other suitable 
volatile or non-volatile storage device. Persistent storage 308 
may take various forms depending on the particular imple 
mentation. For example, persistent storage 308 may contain 
one or more components or devices. For example, persistent 
storage 308 may be a hard drive, a ?ash memory, a reWritable 
optical disk, a reWritable magnetic tape, or some combination 
of the above. The media used by persistent storage 308 also 
may be removable. For example, a removable hard drive may 
be used for persistent storage 308. 
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[0041] Communications unit 310, in these examples, pro 
vides for communications With other data processing systems 
or devices. In these examples, communications unit 310 is a 
netWork interface card. Communications unit 310 may pro 
vide communications through the use of either or both physi 
cal and Wireless communications links. 

[0042] Input/ output unit 312 alloWs for input and output of 
data With other devices that may be connected to data pro 
cessing system 300. For example, input/output unit 312 may 
provide a connection for user input through a keyboard and 
mouse. Further, input/output unit 312 may send output to a 
printer. Display 314 provides a mechanism to display infor 
mation to a user. 

[0043] Instructions for the operating system and applica 
tions or programs are located on persistent storage 308. These 
instructions may be loaded into memory 306 for execution by 
processor unit 304. The processes of the different embodi 
ments may be performed by processor unit 304 using com 
puter implemented instructions, Which may be located in a 
memory, such as memory 306. These instructions are referred 
to as program code, computer usable program code, or com 
puter readable program code that may be read and executed 
by a processor in processor unit 304. The program code in the 
different embodiments may be embodied on different physi 
cal or tangible computer readable media, such as memory 3 06 
or persistent storage 308. 

[0044] Program code 316 is located in a functional form on 
computer readable media 318 that is selectively removable 
and may be loaded onto or transferred to data processing 
system 300 for execution by processor unit 304. Program 
code 316 and computer readable media 318 form computer 
program product 320 in these examples. In one example, 
computer readable media 318 may be in a tangible form, such 
as, for example, an optical or magnetic disc that is inserted or 
placed into a drive or other device that is part of persistent 
storage 308 for transfer onto a storage device, such as a hard 
drive that is part of persistent storage 308. In a tangible form, 
computer readable media 318 also may take the form of a 
persistent storage, such as a hard drive, a thumb drive, or a 
?ash memory that is connected to data processing system 
300. The tangible form of computer readable media 318 is 
also referred to as computer recordable storage media. In 
some instances, computer recordable media 318 may not be 
removable. 

[0045] Alternatively, program code 316 may be transferred 
to data processing system 300 from computer readable media 
318 through a communications link to communications unit 
3 10 and/ or through a connection to input/ output unit 3 12. The 
communications link and/or the connection may be physical 
or Wireless in the illustrative examples. The computer read 
able media also may take the form of non-tangible media, 
such as communications links or Wireless transmissions con 
taining the program code. 
[0046] The different components illustrated for data pro 
cessing system 300 are not meant to provide architectural 
limitations to the manner in Which different embodiments 
may be implemented. The different illustrative embodiments 
may be implemented in a data processing system including 
components in addition to or in place of those illustrated for 
data processing system 300. Other components shoWn in 
FIG. 3 can be varied from the illustrative examples shoWn. 

[0047] As one example, a storage device in data processing 
system 300 is any hardWare apparatus that may store data. 
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Memory 306, persistent storage 308, and computer readable 
media 318 are examples of storage devices in a tangible form. 
[0048] In another example, a bus system may be used to 
implement communications fabric 302 and may be com 
prised of one or more buses, such as a system bus or an 

input/output bus. Of course, the bus system may be imple 
mented using any suitable type of architecture that provides 
for a transfer of data betWeen different components or devices 
attached to the bus system. Additionally, a communications 
unit may include one or more devices used to transmit and 
receive data, such as a modem or a network adapter. Further, 
a memory may be, for example, memory 306 or a cache, such 
as found in an interface and memory controller hub that may 
be present in communications fabric 302. 
[0049] With reference noW to FIG. 4, a block diagram of a 
mobile utility vehicle is depicted in accordance With an illus 
trative embodiment. Mobile utility vehicle 400 is an example 
of one implementation for mobile utility vehicle 104 in FIG. 
1. 

[0050] As illustrated, mobile utility vehicle 400 includes 
machine controller 402, propulsion system 404, steering sys 
tem 406, braking system 408, Water acquisition and applica 
tion system 410, Water storage system 416, sensor system 
418, communications unit 420, and data storage device 434. 
[0051] Machine controller 402 includes doWnload module 
422, horticultural knowledge base 424, user interface 426, 
utility function 428, control softWare 430, and coordination 
softWare 432. Machine controller 402 may be, for example, a 
data processing system, such as data processing system 3 00 in 
FIG. 3, or some other device that may execute processes to 
control movement of mobile utility vehicle 400. Machine 
controller 402 may be, for example, a computer, an applica 
tion integrated speci?c circuit, and/or some other suitable 
device. Different types of devices and systems may be used to 
provide redundancy and fault tolerance. Machine controller 
402 may be connected to the different components and sys 
tems of mobile utility vehicle 400, such as propulsion system 
404, steering system 406, braking system 408, Water acqui 
sition and application system 410, Water storage system 416, 
sensor system 418, communications unit 420, and data stor 
age device 434. As used herein, connected to refers to the 
machine controller being in communication With the different 
components and systems of mobile utility vehicle 400 in a 
manner such that information can be exchanged betWeen 
machine controller 402 and the different components and 
systems of mobile utility vehicle 400. In an illustrative 
example, information may be anything can be sent betWeen 
the components and systems of mobile utility vehicle 400 to 
operate mobile utility vehicle 400. Examples of information 
include, but are not limited to, data, commands, programs, 
and/ or any other suitable information. 

[0052] Control softWare 430 may include softWare such as 
planning process 431. Planning process 431 may be used by 
machine controller 402 to generate plans for execution of 
horticultural tasks using horticultural knoWledge base 424. 
[0053] Machine controller 402 may execute processes 
using control softWare 430 to control propulsion system 404, 
steering system 406, and braking system 408 to control move 
ment of mobile utility vehicle 400. Machine controller 402 
may also use coordination softWare 432 to coordinate the 
movements of each mobile utility vehicle receiving com 
mands from machine controller 402. Machine controller 402 
may execute processes using control softWare 430 to control 
Water acquisition and application system 410, Water storage 
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system 416, and sensor system 418 to control Water acquisi 
tion and application by mobile utility vehicle 400. Machine 
controller 402 may execute processes using horticultural 
knoWledge base 424 and/or utility function 428 to control 
tasks being performed by mobile utility vehicle 400, such as 
Water application by Water acquisition and application system 
410, for example. Machine controller 402 may send various 
commands to these components to operate the mobile utility 
vehicle in different modes of operation. These commands 
may take various forms depending on the implementation. 
For example, the commands may be analog electrical signals 
in Which a voltage and/or current change is used to control 
these systems. In other implementations, the commands may 
take the form of data sent to the systems to initiate the desired 
actions. Machine controller 402 may be a single processing 
unit, tWo processing units, or distributed across a number of 
processing units. As used herein, a number refers to one or 
more processing units. 

[0054] DoWnload module 422 provides for updates of hor 
ticultural knoWledge base 424 through a control system or 
remote location, such as remote location 106 in FIG. 1. 
DoWnload module 422 may also provide mobile utility 
vehicle 400 access to per plant prescriptions, and other infor 
mation located at a remote location, such as remote location 
106 in FIG. 1. 

[0055] Horticultural knoWledge base 424 contains infor 
mation about the operating environment, such as, for 
example, a ?xed map shoWing the landscape, structures, tree 
locations, ?oWerbed locations, individual plant locations, and 
other static object locations. Horticultural knoWledge base 
424 may also contain information, such as, Without limita 
tion, plant species and varieties located in the operating envi 
ronment, information about the Water needs, groWth stages, 
and life cycles of the plant species and varieties located in the 
operating environment, current Weather for the operating 
environment, Weather history for the operating environment, 
speci?c environmental features of the operating environment 
that affect mobile utility vehicle 400, and/or any other suit 
able information for management and execution of horticul 
tural tasks. The information in horticultural knoWledge base 
424 may be used to perform classi?cation and plan actions for 
horticultural tasks. Horticultural knoWledge base 424 may be 
located entirely in mobile utility vehicle 400 or parts or all of 
horticultural knoWledge base 424 may be located in a remote 
location, such as remote location 106 in FIG. 1, Which is 
accessed by mobile utility vehicle 400. 
[0056] User interface 426 may be, in one illustrative 
embodiment, presented on a display monitor mounted on a 
side of mobile utility vehicle 400 and vieWable by an operator. 
User interface 426 may display sensor data from the environ 
ment surrounding mobile utility vehicle 400, as Well as mes 
sages, alerts, and queries for the operator. In other illustrative 
embodiments, user interface 426 may be presented on a 
remote display held by an operator or located in a remote 
location, such as remote location 106 in FIG. 1. 

[0057] Utility function 428 operates With constraints to 
maximiZe the utility of resource use in the context of the 
Whole groWing season for the plurality of plants, such as 
plurality of plants 110 in FIG. 1. The exact utility function of 
utility function 428 may be tailored by an operator, such as a 
garden administrator for example, via user interface 426. In 
one illustrative embodiment, utility function 428 operates to 
maximiZe bene?ts and minimize costs according to a number 
of constraints. Utility function 428 may operate using the 
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number of constraints to determine per plant prescription 444 
based on, for example, without limitation, the value of apply 
ing a resource to a plant, the cost of applying the resource to 
the plant, and current resource rules. The number of con 
straints may include information such as, without limitation, 
a number of resource rules, cost per volume of each of a 
number of resources, chemical properties of each of a number 
of resources, individual plant interactions with a number of 
resources, and/or other suitable constraint information. Util 
ity function 428 may access the information about the number 
of constraints using horticultural knowledge base 424. In one 
illustrative embodiment, horticultural knowledge base 424 
may include static information about the number of con 
straints in a ?xed knowledge base, such as ?xed knowledge 
base 702 in FIG. 7. In another illustrative embodiment, hor 
ticultural knowledge base 424 may access information about 
the number of constraints using an online knowledge base, 
such as online knowledge base 704 in FIG. 7. 
[0058] In an illustrative example where the resource being 
managed is water, the number of resource rules may include 
the current water rules for a location. Current water rules may 
include, for example, water shortage information, water 
restrictions imposed upon a certain location, and/or the 
amount of water currently accessible to mobile utility vehicle 
400 from the plurality of available water sources, such as 
water sources 108 in FIG. 1. 

[0059] In an illustrative embodiment, for example, a garden 
administrator may employ utility function 428 to consider the 
following illustrative subset of information received from 
horticulture knowledge base 700 in FIG. 7 for plurality of 
plants 110 in FIG. 1: 

Plant Type Growth Stage Minimum Optimum Note 

126 annual past ?owering 100 ml 200 ml none 
128 perennial pre ?owering 50 ml 150 ml show 
130 annual pre ?owering 75 ml 150 ml none 

[0060] In this illustrative subset of information, the opti 
mum amount of water to apply to plurality of plants 110 is 500 
milliliters (ml). Actual application at the current time may be 
constrained to only 250 ml. The constraint may be due to, for 
example, water shortage or drought restrictions put in place 
by a city or township, for example. The garden administrator 
could prioritize water as follows: (1) plants to be featured in 
an upcoming show, (2) perennials, (3) annuals in pre-?ower 
ing stage, and (4) annuals in post-?owering stage, kept only as 
greenery, that may be given 0 ml (i.e. left to die). 
[0061] Based on this illustrative prioritization, individual 
plant 128 in FIG. 1 is given the highest priority and could be 
given the optimum 150 ml of water. Individual plant 130 in 
FIG. 1 could then be given 100 ml of water, and individual 
plant 126 in FIG. 1 would not be given any water. If a plant, 
such as individual plant 126 in FIG. 1, is to be abandoned, a 
work order may be generated to have it removed so it does not 
draw any additional water from the soil. If water is ample, it 
can be left and watered to provide aesthetically pleasing 
greenery. 
[0062] In these examples, propulsion system 404 may pro 
pel or move mobile utility vehicle 400 in response to com 
mands from machine controller 402. Propulsion system 404 
may maintain or increase the speed at which a mobile utility 
vehicle moves in response to instructions received from 
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machine controller 402. Propulsion system 404 may be an 
electrically controlled propulsion system. Propulsion system 
404 may be, for example, an internal combustion engine, an 
internal combustion engine/electric hybrid system, an elec 
tric engine, or some other suitable propulsion system. 
[0063] Steering system 406 may control the direction or 
steering of mobile utility vehicle 400 in response to com 
mands received from machine controller 402. Steering sys 
tem 406 may be, for example, an electrically controlled 
hydraulic steering system, an electrically driven rack and 
pinion steering system, an Ackerman steering system, a skid 
steer steering system, a differential steering system, or some 
other suitable steering system. 
[0064] Braking system 408 may slow down and/or stop 
mobile utility vehicle 400 in response to commands from 
machine controller 402. Braking system 408 may be an elec 
trically controlled steering system. This braking system may 
be, for example, a hydraulic braking system, a friction brak 
ing system, or some other suitable braking system that may be 
electrically controlled. 
[0065] Water acquisition and application system 410 is an 
example of one type of system that may be located on mobile 
utility vehicle 400 for executing a horticultural task, such as 
watering. Water acquisition and application system 410 
enables mobile utility vehicle 400 to acquire a resource, such 
as water, from a plurality of sources, such as water sources 
108 in FIG. 1, for storage in water storage system 416. Water 
storage system 416 is an illustrative example of a type of 
resource storage system used by mobile utility vehicle 400. 
Water acquisition and application system 410 also enables 
mobile utility vehicle 400 to apply a resource, such as water, 
to a plurality of individual plants, such as individual plants 
126, 128, and 130 in FIG. 1. Water acquisition and application 
system 410 includes pumping system 412 and valve system 
414. 
[0066] Valve system 414 may include a number of valves 
for starting and stopping the ?ow of a resource. Valve system 
414 may be used in conjunction with gravity feed to acquire 
a resource from resource sources that are above the level of 

reservoir 438 in water storage system 416. Pumping system 
412 may be used to draw a resource from resource sources 

that are below the level of reservoir 438 into water storage 
system 416. 
[0067] In an illustrative example, while gravity feed could 
be used to water plants, this requires that the water level be 
above the outlet level. This may not be suitable for small 
mobile utility vehicles such as robots, which need to water 
plants in large pots or pots which are placed above the sur 
rounding area on a pedestal. For plants that are at a level 
below reservoir 438 of mobile utility vehicle 400, valve sys 
tem 414 is used to allow a resource, such as water, to be pulled 
by gravity and dispersed. For plants that are at a level above 
reservoir 438, pumping system 412 would allow a resource, 
such as water, to be transferred from water storage system 416 
to a plurality of plants, such as, for example, one of plurality 
of plants 110 in FIG. 1. As used herein, a number of plants is 
one or more plants. The amount of resource, such as water, is 
speci?ed by a per plant prescription. The actual resource 
applied may be estimated from pump activity or measured 
using a ?uid ?ow sensor, such as ?ow/level meter 440 in water 
storage system 416. 
[0068] Water storage system 416 includes reservoir inlet 
436, reservoir 438, ?ow/level meter 440, and agitator 442. 
Reservoir inlet 436 is an opening or conduit for allowing a 
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resource to be added to reservoir 438. Reservoir 438 is a 
vessel used to hold a resource in reserve. In an illustrative 

embodiment, Water storage system 41 6 may have a number of 
reservoirs. As used herein, a number refers to one or more 
reservoirs. FloW/level meter 440 monitors the amount of a 
resource in reservoir 438 and the amount of a resource applied 
at a particular location. 

[0069] In an illustrative embodiment, ?oW/ level meter 440 
may be, for example, a ?oat in reservoir 438. The vertical 
position of the ?oat may be representative of the amount of 
resource in reservoir 438. In an illustrative embodiment, the 
?oat may be a sensor that tracks the change of Water level over 
time, and transmits the sensor data to a processing system, 
such as machine controller 402. In another illustrative 
embodiment, ?oW/ level meter 440 may be a device for mea 
suring the ?oW rate of Water as Water passes from reservoir 
438 through Water acquisition and application system 410. 
For example, a pinWheel sensor device may be used to mea 
sure the amount of Water ?oWing out of reservoir 438. The 
pinWheel sensor device may spin as Water ?oWs over the 
device, and the rate of the spin may indicate the amount of 
Water ?oWing over the device. The sensor data may be trans 
mitted to a data processing system, such as machine control 
ler 402. In another illustrative example, if the initial reservoir 
level is knoWn, the sensor data for the ?oW rate over a pin 
Wheel device may be used to calculate the remaining level in 
the reservoir. 
[0070] Agitator 442 may be used to mix tWo or more 
resources together to achieve a uniform consistency in reser 
voir 438. Resources may be, for example, Without limitation, 
Water, fertilizer, herbicide, insecticide, fungicide, plant food, 
nutrients, and/or any other type of resource. 
[0071] Sensor system 418 is a high integrity perception 
system and may be a set of sensors used to collect information 
about the environment around a mobile utility vehicle. In 
these examples, the information is sent to machine controller 
402 to provide data in identifying hoW mobile utility vehicle 
400 should manage resource use, speci?cally providing data 
about the plurality of plants and current conditions in the 
operating environment. In these examples, a set refers to one 
or more items. A set of sensors is one or more sensors in these 

examples. 
[0072] Communication unit 420 is a high integrity commu 
nications system and may provide multiple redundant com 
munications links and channels to machine controller 402 to 
receive information. The communication links and channels 
may be heterogeneous and/ or homogeneous redundant com 
ponents that provide fail-safe communication. This informa 
tion includes, for example, data, commands, and/or instruc 
tions. 
[0073] Communication unit 420 may take various forms. 
For example, communication unit 420 may include a Wireless 
communications system, such as a cellular phone system, a 
Wi-Fi Wireless system, a Bluetooth Wireless system, and/or 
some other suitable Wireless communications system. Fur 
ther, communication unit 420 also may include a communi 
cations port, such as, for example, a universal serial bus port, 
a serial interface, a parallel port interface, a netWork interface, 
and/ or some other suitable port to provide a physical commu 
nications link. Communication unit 420 may be used to com 
municate With a remote location, such as remote location 106 
in FIG. 1, or an operator. 

[0074] Data storage device 434 is one example of persistent 
storage 308 in FIG. 3. Data storage device 434 includes per 
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plant prescription 444. Per plant prescription 444 may be 
obtained using horticultural knoWledge base 424, or may be 
received from a remote location via doWnload module 422. 
[0075] The illustration of mobile utility vehicle 400 in FIG. 
4 is not meant to imply physical or architectural limitations on 
the manner in Which different advantageous embodiments 
may be implemented. Other components in addition or in 
place of the ones illustrated may be used. Some components 
may be unnecessary in some advantageous embodiments. 
Also, the blocks are presented to illustrate some functional 
components and combined and/or divided into different 
blocks When implemented in hardWare and/or softWare. For 
example, in some advantageous embodiments an agitator 
may be unnecessary for Water storage system 416. In some 
other advantageous embodiments, multiple reservoirs may be 
found Within Water storage system 416, Where each reservoir 
contains a different resource. As used herein, Water refers to 
Water and/or other resources that may be applied to plants, 
such as individual plants 126, 128, and 130 in FIG. 1. Other 
resources may be, for example, Without limitation, fertilizer, 
herbicide, insecticide, fungicide, plant food, nutrients, and 
the like. 
[0076] In another advantageous embodiment, mobile util 
ity vehicle 400 may contain additional systems in place of or 
in addition to the systems depicted. For example, other sys 
tems may include, Without limitation, pruning systems, cul 
tivation systems, planting systems, and/or any other suitable 
system for executing horticultural tasks. Mobile utility 
vehicle 400 may be a general purpose mobile utility vehicle or 
a dedicated mobile utility vehicle. A general purpose mobile 
utility vehicle may have one or more interchangeable sys 
tems. A dedicated mobile utility vehicle may have one or 
more ?xed systems. 

[0077] In yet another advantageous embodiment, utility 
function 428 may operate With a number of constraints to 
maximiZe the utility of resource use in the context of cost over 
a groWing season, and/or speci?c plant interactions With 
chemical properties present in a number of resources. Spe 
ci?c plant interactions may include factors such as, for 
example, Without limitation, bene?t to plant groWth, impedi 
ment to plant groWth, bene?t to plant aesthetics, impediment 
to plant aesthetics, bene?t of chemical properties to plant over 
time, and/ or any other suitable plant interaction With chemi 
cal properties present in the number of resources. 
[0078] With reference noW to FIG. 5, a block diagram of a 
Water source is depicted in accordance With an illustrative 
embodiment. Water source 500 is an example of one of Water 
sources 108 in FIG. 1. 

[0079] Water source 500 includes Water release system 
502, Water storage system 504, and communications unit 506. 
Water release system 502 includes authentication system 508, 
docking system 510, and ?lling system 512. Authentication 
system 508 receives identi?cation information from a mobile 
utility vehicle, such as mobile utility vehicle 400 in FIG. 4, 
and determines Whether the mobile utility vehicle is autho 
riZed to draW Water from Water source 500. For example, in an 
illustrative embodiment, authentication system 508 may 
include a radio frequency identi?cation reader that detects a 
radio frequency identi?cation tag on a mobile utility vehicle. 
[0080] Docking system 510 alloWs a mobile utility vehicle 
to achieve the correct position for the transfer of Water 
betWeen Water source 500 and the mobile utility vehicle. 
[0081] Filling system 512 includes pumping system 514 
and valve system 516. Pumping system 514 may be used to 
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draw water from water source 500 in order to send the water 
into the mobile utility vehicle. Valve system 516 may include 
a number of valves for starting and stopping the ?ow of water 
from water source 500 to a mobile utility vehicle. Valve 
system 516 may be used in conjunction with gravity feed to 
send water from water source 500 to a mobile utility vehicle 
that is below the level of water source 500. 

[0082] Water storage system 504 includes reservoir inlet 
518, source reservoir 520, and ?ow/level meter 522. Reser 
voir inlet 518 is an opening or conduit for allowing water to be 
added to source reservoir 520. Source reservoir 520 is a vessel 
used to hold water in reserve. In an illustrative embodiment, 
source reservoir may be a barrel, condenser, well, canal, lake, 
river, stream, creek, pond, and the like. Flow/level meter 522 
monitors the amount of water in source reservoir 520 and the 
amount of water transferred to a particular mobile utility 
vehicle. In an illustrative embodiment, ?ow/level meter 522 
may be, for example, a ?oat in source reservoir 520, a device 
for measuring the ?ow rate of water as water passes from 
source reservoir 520 to a mobile utility vehicle, or a combi 
nation. 
[0083] Communications unit 506 may optionally be used to 
receive identi?cation information from a mobile utility 
vehicle and transmit water source data to a remote location, 
such as remote location 106 in FIG. 1, or an operator. Com 
munications unit 506 may take various forms. For example, 
communication unit 506 may include a wireless communica 
tions system, such as a cellular phone system, a Wi-Fi wire 
less system, a Bluetooth wireless system, and/or some other 
suitable wireless communications system. Further, commu 
nication unit 506 also may include a communications port, 
such as, for example, a universal serial bus port, a serial 
interface, a parallel port interface, a network interface, and/or 
some other suitable port to provide a physical communica 
tions link. 
[0084] The illustration of water source 500 in FIG. 5 is not 
meant to imply physical or architectural limitations on the 
manner in which different advantageous embodiments may 
be implemented. Other components in addition or in place of 
the ones illustrated may be used. Some components may be 
unnecessary in some advantageous embodiments. Also, the 
blocks are presented to illustrate some functional components 
and combined and/ or divided into different blocks when 
implemented in hardware and/or software. For example, in 
some advantageous embodiments, authentication system 508 
and communications unit 506 may be integrated as one sys 
tem. In some other advantageous embodiments, ?lling sys 
tem 512 may contain only one system, or another system in 
addition to pumping system 514 and valve system 516. 
[0085] With reference now to FIG. 6, a block diagram of a 
plurality of databases is depicted in accordance with an illus 
trative embodiment. Plurality of databases 600 may be 
located at a remote location, such as remote location 106 in 
FIG. 1, in a mobile utility vehicle, such as mobile utility 
vehicle 104 in FIG. 1 and mobile utility vehicle 400 in FIG. 4, 
or distributed across both a remote location and a mobile 
utility vehicle. 
[0086] Plurality of databases 600 includes horticultural 
knowledge base 602, horticultural task rules 604, weather and 
solar forecast 606, soil moisture model 608, water source 
authentication database 610, and water source level database 
612. Horticultural knowledge base 602 contains information 
about the operating environment, such as, for example, a ?xed 
map showing the landscape, structures, tree locations, ?ow 
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erbed locations, individual plant locations, and other static 
object locations. Horticultural knowledge base 602 may also 
contain information, such as, without limitation, plant species 
and varieties located in the operating environment, informa 
tion about the water needs, growth stages, and life cycles of 
the plant species and varieties located in the operating envi 
ronment, current weather for the operating environment, 
weather history for the operating environment, speci?c envi 
ronmental features of the operating environment that affect a 
mobile utility vehicle, such as mobile utility vehicle 400 in 
FIG. 4, pruning patterns, planting depth, seed orientation, 
cultivation methods, winteriZation methods, and/ or any other 
suitable horticultural information. 

[0087] The information in horticultural knowledge base 
602 may be used to perform classi?cation and plan actions. 
Horticultural knowledge base 602 may be located entirely in 
a mobile utility vehicle, such as mobile utility vehicle 400 in 
FIG. 4, or parts or all of horticultural knowledge base 602 
may be located in a remote location, such as remote location 
106 in FIG. 1, which is accessed by a mobile utility vehicle. 

[0088] Horticultural task rules 604 may include, without 
limitation, water rules 614, pruning rules 616, planting rules 
618, cultivation rules 620, and winteriZation rules 622. Water 
rules 614 may include current water rules for the operating 
environment of a mobile utility vehicle. Water rules 614 may 
include water shortage information, water restrictions 
imposed upon an operating environment, or the amount of 
water currently accessible to a mobile utility vehicle, such as 
mobile utility vehicle 104 in FIG. 1, from a plurality of 
available water sources, such as water sources 108 in FIG. 1. 

[0089] Pruning rules 616 may include rules about what 
time of year a particular plant should be pruned, based on the 
plant variety, species, growth stage, and/or life cycle of the 
particular plant. Pruning may refer to the removal of diseased, 
non-productive, or otherwise unwanted portions from a plant. 
Pruning may be used to shape a plant by controlling or direct 
ing plant growth, maintain the health of the plant, or to 
increase the yield or quality of ?owers and fruits. 

[0090] For example, pruning small branches may be done 
at any time of the year. In another illustrative example, prun 
ing large branches, with more than ?ve to ten percent of the 
plant’s crown, may be done during dormancy in winter or in 
mid summer just after ?owering. In this example, pruning 
rules 616 may take into account the type of plant being 
pruned, and further specify that one plant species may expe 
rience harm from winter frost if pruned during dormancy and 
should be pruned mid summer, while another plant species is 
hardy enough to withstand pruning during winter. Some plant 
species, such as a magnolia for example, are better pruned in 
summer or at the onset of dormancy because the plant species 
are slow to callous over after pruning. Woody plants that 
?ower early in the season, such as apples, aZaleas, and lilacs, 
for example, should be pruned right after ?owering because 
later pruning may sacri?ce ?owers in the subsequent season. 

[0091] Planting rules 618 may include rules on when to 
plant seeds, seed treatment prior to planting, seed depth for 
planting, seed orientation for planting, and/or any other suit 
able planting rules for a particular plant based upon the plant 
variety, plant species, and/or life cycle of the particular plant. 
For example, some species of plant may require cold treat 
ment in order to germinate and should be planted during 
winter in order to germinate properly in the spring. In another 
illustrative example, some species of plant may germinate 


















